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ElectricCharge, Substance, Antimatter

DNeKTpUYecKui 3apsj, MaTepysl, aHTUMATEpUs

Kamliya RA.

AHHOTaLNS

B pabome eviosunyma Hogas eunome3a O COCYWECMBOBAHUU Mamepuu u awmumamepuu 6
MuKpouacmuyax. Beidgunymas eunomesa o0 cmpyKkmype 91eKmpoHa o00BACHAem Oyaiusm 6 COUCmEax
9NEeKMPOoHA, packpwvieaem npupody onexkmpudecmea. Cnpageonueocmv 2unome3vl NOKA3AHA HA Peakyuu
63AUMOO0ECMBUsL INEKMPOHA U NOZUMPOHA, HA KEAPKOBBIX CIPYKIMYPAX Me30H08 U 6o30na Xuzeaca.

Hmeem mecmo cocyuecmeosanue npomusonoionCHOCmell u 6 macwmabax amoma u NnoOdIMomy
amom AGNAAeMcsl INeKMPOHEUmpaibHOU Yacmuyell.

ANNOTATION

A new hypothesis was put forward on the coexistence of matter and antimatter in
microparticles. This hypothesis about the structure of the electron explains the dualism in the
properties of the electron and reveals the nature of electricity. The validity of the hypothesis is shown
in the reaction of interaction of an electron with a positron, in the quark structures of mesons and the
Higgs boson.

There is a coexistence of opposites on an atomic scale, and therefore the atom is an electrically
neutral particle.

Keywords: matter, antimatter, electron, positron, particle.

Author: Kaumunat Texandeckux Hayk Kammwmst P.A.. JTorieHT AOXa3CKOTO TOCYAapCTBEHHOTO YHHBEPCHUTETA.
CyxymMm, Abxaszust.

1. Bsenenue

Bo Bce BpPEMCHA I'JIaBHBIM BOIIPOCOM CCTCCTBO3HAHUA OBLIO HU3YUCHHUC CTPOCHUS MATCPUAILHOI'O MHpPaA.
ITocne OTKPBITUA HepI/IO,I[I/I‘IeCKOﬁ CUCTCMBI 3JICMCHTOB aTOMBI CHUTAJIMCh HCACIIUMbBIMHU YaCTHULIAMU.

B xonme XIX Beka ObUIM OTKPBITBHI 3JCKTPOHBI U CBOHCTBO PaJMOAKTUBHOCTH HEKOTOPBIX aTOMOB[1].
anee Hayanuce uccne0BaHus CBOMCTB JEKTPOHA U YaCTHIL AJIpa.

DJEKTPOHBI SIBISIOTCS HOCUTEISIMUA OTPUIIATEIILHOTO 3apsiAa U NPOSBISIOT CBOWCTBA YaCTHLIBI M BOJHBI.
Yactumel siapa UMEIOT CIOXKHYIO CTPYKTypy. Macca HeWTpoHa Oofbine macchl anekTpoHa B 1840 pa3. B
CBOOOJHOM COCTOSIHUM HEHTPOHBI paciaJaroTcs Ha MPOTOH, AJIEKTPOH U aHTHHEHTpHUHO [1,2].

B siape cymecTByIOT CHiIbHOE U c1ab0e B3aMMOCHCTBUS, @ HEUTPOHBI HE pacmanatoTces [2].

HccnenoBanusi HyKJIOHOB HalleIEHbl HA BBIACHEHHE UX CTPYKTYphl. B 60-e roasl mpomioro Bexka Oblia
MpeIoKeHa KBAPKOBask CTPYKTypa HEUTPOHOB M MPOTOHOB. OTHEIBHO KBapKH HE CyIIecTBYIOT. lmeer mecto
KoH(alfHEeMeHT KBapKOB. B pabotax [3,4] maercs 0ObsICHEHUE IPUPOJIBI SIIEPHBIX CHIL

IIpu B3aumoOnEHCTBUM C APYTMMH YacTULAMH IPOTOHBI MOTYT PacHacTbCsi HA MHOXECTBO PAa3JIMYHBIX
MukpouacTtuil. CBOWCTBa 3THX YacTWIl HW3Y4YarOTCs, HO HE HW3BECTHO, KaK OHM CKpEIUIeHbl B HEWTpoHe. B
HacTosIIee BpeMs nu3BecTHO 0koi0 400 mukpouacturs [5].
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HekoTopble 4YacTHIbl SIBISIOTCS SJICKTPOHEUTPAIBHBIMU, a JPYTHe 3apsOKCHbI OTPHUIATEIBHO WM
[TOJIOKUTEIIBHO.

Uro KkacaeTcsl 3JCKTPUYECTBA, TO OHO OBLJIO OTKPBITO 3aJI0JITO JIO OTKPBITHS aTOMOB, HO €ro MpHUpoja
TOKE€ HE pAaCKphITa 10 CHX IIOp. DTO OJHA M3 HEPEIICHHBIX 3a1ay, oTMeucHHas B CTaHAapTHOH MOJICIIH
mukpovactuil (CM).

MeI 3HaeM, 9TO HOCHUTEIIEM OTPUIATENIFHOTO 3apsia SIBISETCS DIEKTPOH. B aToMe oTpHIaTenbHbIN 3apsi
JJIEKTPOHOB  KOMIIEHCHPYETCSl TOJIOKUTENBHBIM  3apsJOoM MpOTOHOB sapa. IlosToMy arom sBisercs
SJIEKTPOHEUTpanpHOM yactuleil. HocureneMm MOJIOKUTEIBHOIO 3apsiia ABJISIETCS MO3UTPOH, HO TO3UTPOH
SIBJIAETCS aHTUYacTUlEell. MBI TOBOPHUM, YTO 3JIEKTPOH 3apsKEH OTPHUIATEIbHO, MO3UTPOH - MOJOKHUTEIHHO.
Bo3znunkaet Bompoc: cymiecTByeT Jin 37eKTpoH 6e3 3apsana? Takoil yacTHIlbl HE U3BECTHO.

II. Conepxanue pabOThI

[Ipex /e ueM roBOpUTH O HOBOM IpejijlaracMoi TUIIOTE3e pacCMOTPUM (GHIIOCO(CKHIA aCIIEKT BOIIpOCa.

®unocodus, Kak U3BECTHO U3 JIOOOH JTUTEPATYpHI, SABISETCS HAYyKOH O BCEOOMMX 3aKOHAX MPUPOJIHI,
o0IecTBa, 4enoBedeckoro MbinuieHus. OHa 0000IIaeT KOHKPETHhIE Hay4dHBIC pPe3yJbTaThl, a 00OOIIECHHBIC
3aKOHBI JIAIOT HOBBIE KOHKPETHO-HAYYHbIE pe3yIbTaThl. B MpoTHBHOM citydae He3aueM 0000maTs.

O0600mIeHust aenaloTcsi U B KOHKPETHBIX HaykaxX. Tak, B (PU3MUECKHX HCCIeIOBaHUsIX, 0000mas
IKCTIEPUMEHTAIbHBIE PE3yJIbTaThl, (POPMYITHPYIOT 3aKOH, a ITOT 3aKOH Jajiee UCIIOIB3YeTCs B TEOPETHYECKUX
pacuetax. OT 4acTHOro Kk 00IIeMy, OT OOIIEro K YaCTHOMY — 3TO METOAOJIOIHs HaAyYHOTO IO3HAHUSL.

B ¢unocodun cymecTByer 3aKoH eIWHCTBA W OOPHOBI MPOTUBOMIOIOKHOCTEH. ITOT 3aKOH CITPABEIHB
JUTs JTF000# 00J1aCTH 3HAHMIA, B TOM YHUCIIC M B MaTepUaIbHOM MHUpe. boph0a MpOTHUBOIIOIOKHOCTEH UMEET MECTO
npu 0o0ECleueHNH eJWHCTBA IPOTHUBOIOJIOXKHOCTEH. DTO O3HAYaeT, 4YTO MPOTHBOIOJIOKHOCTH JIOJDKHBI
HaXOJWThCS PAJIOM. B MpPOTHBHOM cily4yae HET B3aMMOJCUCTBUS. J[pyrHMu CiIOBaMU, MPOTHBOIOJIOKHOCTH
JIOJDKHBI COCYIIECTBOBATh U B3aUMO/ICHCTBOBATb.

Hampumep, a7si 3JIEKTPUYECKOTO 3apsifa, 4TOObI TOBOPUTH O 3HAKE 3apsijia, JOJDKHA CYIIECTBOBAThH €ro
MIPOTUBOIIOIOKHOCTbD, C KOTOPOI MBI MOKEM CPaBHHUBATH U CYIHUTH O 3HAKE 3apA/a.

IIpu ompeneneHHbIX YCIOBUSIX COCYIIECTBYIOLIME MPOTHUBOIONOKHOCTH MOTYT B3aMUMHO YHUUYTOXXHUTb
IpyT ApyTa. B 5TOM ciyyae mpoucXomauT Mepexo K APYroMy 00beKTy ¢ IPYTHMHU IPOTHBOIOIOKHOCTIMHU.

I'umoreTnyecku MOIKHO NpeAnoa0XuTb, UYTO BCC YaCTULbI, HWMCHOIIHUC IMMPOTUBOIIOJIOXHOCTH,
YHHUYTOXCHBI B3aHMOI[efICTBPICM HpOTHBOHOHO)KHOCTefI. Ilocne Takoro B3amMHOTO YHUYTOXCHUA HE OOJIKHO
OCTaThCd U30BITKA MaTepuu 6o AHTUMATCpHUU, IMMOTOMY 4YTO MaATCpUAd 6o AHTUMATCpud HE MOI'yT
CymeCTBOBaTh 0e3 ITPOTUBOIIOJIOKHOCTH. CHCI[OBaTe.HBHO, B MAaTcpuajibHOM MHUPE KOJIUYCCTBO MATCPUU H
AHTUMATCPUHU PABHBI. Hmeet mecto Oananc MAaTCpUr U aHTUMATCPUU.

B cooTBeTcTBMM C 3aKOHOM E€IMHCTBA M OOPBHOBI MPOTHUBOIMOJIOKHOCTEH, MaTepust W aHTHMaTepus
JOJDKHBI cOCYIIeCTBOBATh. Clieysl ’TOMY MOJIOKEHUIO, CMOAETIUPYEM CTPYKTYPY JIEKTPOHA, B KOTOPOI MaTepHsl
W aHTUMAaTEpHUsl COCYILECTBYIOT. Takux BapHaHTOB MOTYT OBITH JIBA.

B mepBoM BapuaHTe Marepuss M aHTUMATEpusl COCYLIECTBYIOT B Buae aumoiisi (puc.la). Ecim mbl
3aMEHHM MaTepHI0 Ha aHTUMATEepHio, a aHTHUMAaTepHUI0 Ha MaTepHio, TO TMOJYYHUM YACTHILy TOXKIAECTBEHHYIO
nucxoanoi (puc.16). Usmennnach Tosbko opueHTtanus Ha 180 rpamycos.

Electric Charge, Substance, Antimatter
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a) 0)

Puc.1: ToxmecTBEHHBIE YaCTUIII
a) yacTuia, 0) aHTHIacTHIIA

Bropoii BapuaHT mpesncTaBisieT co0oW C(EepHUECKYIO CIOEHYI0 CTPYKTYPY, B KOTOPOU /ISl JIEKTPOHA
HApY>KHBII CIION SIBISETCS MaTEpHEl, BHYTPEHHMM — aHTUMaTepuei. HermocpencTBEHHOrO KOHTaKTa MEXKIY
MaTeprel W aHTUMaTephel He MOXeT OBITh TIOTOMY, YTO B 9TOM CITydae MPOW30MIeT aHHUTHIIAINS MaTepun 1
antuMmarepuu. [loaToMy ocTaercd MpeAnoIOKUTh, YTO MEXKAY MaT€pUeld U aHTUMaTepueld MMEETCs NpOCIoika
a¢dupa, KOTOpas B KaKOW-TO MEpe CACPKUBACT aHHUTHIIANNIO (puc.2a). Eclii B CTpyKType AJIeKTpoHaA 3aMEHUTH
MaTepHuio (BHELIHWH CJIOM) Ha aHTHUMaTepUio, a aHTHUMAaTepuio (BHYTPEHHHWH CIIOW) Ha MaTepuio, MOIyYHM
AHTHURJICKTPOH (TTO3UTPOH) (pHC.20), UMEIONMINI TTOJIOKUTEIBHBIN 3apsiT TAKOH K& BEIMIUHBI UTO U AJICKTPOH.

London Journal of Engineering Research

@) DIEKTPOH. 0) TIO3UTPOH

Puc.2: AHHUTHISAIUS 3JIEKTPOHA C TIO3UTPOHOM

Electric Charge, Substance, Antimatter
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B coorBerctBum ¢ 3akoHOM KyioHa 3J€KTpOH W MO3UTPOH, MUMEIOIINE TPOTHBOIOJIOKHBIE 3apsbl,
NPUTATUBAIOTCS  JAPYr JApYyry. OJEKTPOH U TO3UTPOH SBISAIOTCA TPOTHUBOMNOJIOKHOCTIMH B  CMBICIIE
JNIEKTPUYECKOTO 3apsijia, a UX BHEUIHHWE CJIOW TOXKE€ SIBJISIOTCS MPOTHBOIOJIOKHOCTAMHU B CMBICIE MaTepUu U
aHTUMaTepuu. BHYTpeHHHE CIOM IIEKTPOHA M MO3UTPOHA TAKXKE SIBJISIOTCS MPOTUBOMOJIOKHOCTIMH. CBOHCTBO

3apsXKCHHOCTH IMPUJIA0OT BHCUITHUC CJIOU, a I[Gf/iCTBI/IC BHYTPCHHUX CJIOCB OKPAHUPYCTCA BHCHIHUMU CJIOSIMMU.

He mpaBuibHO TOBOPHTH, YTO 3MEKTPOH 3apshKeH OTpUliaTesibHO. He ObIBaeT He3apsKeHHOTO AJIEKTPOHA.
DJNEKTPOH, UMEIOLINI CPEPUUCCKYI0 CIOCHYIO CTPYKTYpPY, COCTOSIIYIO M3 MATepUU U aHTHUMarepuu (puc.2a),
SIBIIIETCS 3aPSIIOM.

NMeHHO mnoTOMy, YTO DJJEKTPOH M IO3UTPOH, MMEIOLIUE BBIIICONHUCAHHYI CTPYKTYpYy, IIpH
B3aMMOJECHCTBUN M3JIy4aroT J1Ba TaMMa-KBaHTa. OAMH raMMa- KBaHT M3JIy4aeTcsl IPU B3aUMOJICHCTBUH BHEIIHUX
CIIOEB, @ BTOPOW raMMa-KBaHT — TPH B3aUMOJCHCTBHM BHYTPCHHUX CJIOEB. Ecim Obl CTPYKTYpPBI AJIEKTPOHA U
MO3UTPOHA ObUIN OBl LEIBHBIMH, TO PE3yJIBTATOM UX B3aUMOACUCTBHS ObUT Obl OIMH raMMa-KBaHT.

Kax m3BecTHO 3JEKTPOH MPHU HEKOTOPBIX YCIOBHUSAX MPOSBISET CBOMCTBA BOJHBL. DTO MPOUCXOTUT MOTOMY, UTO
OKa3aJIoCh BO3MOKHBIM AHHUTWJIALMS BHYTPEHHETO M Hapy»KHOro cioeB. [IpuumHa myanmuszma B CBOMCTBax

3JIEKTPOHA CTAHOBUTCS MTOHATHOM.

3aMeHa MaTepuM Ha AHTUMATEPHIO W HA0OOpPOT MPUBOIUT B CTPYKTYPax 3JEKTPOHA M MO3UTPOHA K
M3MEHEHUIO 3HaKa 3apsiia. MOKHO Hamucarhb

™|
Il
™

(1)
IZie: e—3JIeKTPOH,
e -aHTURJIEKTPOH(MHBEPCHUS 3JIEKTPOHA),

P _ nosurpon.

WHuBepcus aeKTpoHa O3HAuYaeT 3aMeHa MaTepud Ha aHTHMaTepHuio U HaoOOpoT. MBI B 3TOM ciyuyae
MOJTy4aeM aHTHAJIEKTPOH (MTO3UTPOH), KOTOPHIN MOJUMHAETCS TE€M K€ 3aKOHAM, 4YTO M AJIEKTPOH, HO SIBISIETCS
agTryacTuned. [lpm TakoM mnpeoOpa3oBaHUU W3MEHAETCS M DIIEKTPHUECKHUH 3aps] Ha MPOTHBOIOJIOKHYIO
HOJISIPHOCTb, HO MOJUYUHSIETCS TEM XK€ dJIEKTPUUYECKUM 3aKoHaM. Ha sI3bIke TeOpuH CUMMETPHUM 3TO Ha3bIBACTCS
WHBAapHAHTHOCTHIO K MPEe0OpazoBaHMAM, B JAaHHOM ciydae K peoOpa3oBaHHsAM BUIA MaTepus-aHTUMaTepus. B
HaIlleM cJyd4ae MPOUCXOJUT OJHOBPEMEHHO IMpeoO0pa3oBaHWE BUIA IOJIOKHUTENBHBIN 3aps]l - OTPHUIIATEIbHBIN

3apsag u Hp606p3.30BaHI/Ie BHUJIa MaTCpUA-aHTUMATCPUs.

9J'IeKTpOH SIBIISACTCS SHCMGHTapHOﬁ lI.’:ICTI/IIICI\/'I. CO6J'I}0I[aCTC$I JIK 3aKOHOMCEPHOCTDL UIA APYIUX YaCTHI,

KOTOpBIE COJIEPKAT MHOYKECTBO JI€MEHTAPHBIX YaCTHUIL?

YToObI MOJIY4YUTh aHTU4YAaCTULy CJICAYCT IMPOU3BCCTH HMHBCEPCHIO BCEX €Ir0 KOMIIOHCHTOB. HpI/I 9TOM

AOJIKHBI UBMCHUTBHCS BCC 3apsaAbl Ha IPOTHUBOIIOJJIOKHYIO MOJAPHOCTDL, a CJICA0BATCIBHO CYMMapHLIfI 3apsg TOXKE
JOJIKECH U3MCHUTHCA Ha IMPOTUBOIIOJIOXKHYIO IMOJIAPHOCTD. Ecmmu gacTtuna SHCKTPOHCﬁTpaHBHaﬂ, TO OHaA OCTACTCA

3JEKTPOHEUTPAIBHOM.
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BooOmie nrobast gactuiia, B TOM YMCIIE U HYKJIOHBI, €CTh CMECh MaTepUHU M aHTUMATEPHH U B TO K€ BPEMsI
SIBIIIETCS. CMECBIO IOJIOKUTEIBHOTO W OTPHUIATEIhHOrO 3apsaoB. OO0 3TOM CBHUIETEIBCTBYIOT pPE3YJIbTAThI
pacmana, Hampumep, HeiTpoHa. OH WCIyCKaeT aHTUMATepUIO (AHTHHEUTPHHO) M OTPHIATEIBHBIN 3apsij
9JIEKTPOHA, a OCTAETCS IPOTOH C MOJIOKUTEIBHBIM 3apsIOM.

WHuBepcust Bcex KOMIIOHEHTOB HEHTPOHA JacT HAM aHTUHEHTPOH. TOYHO TaKMM Ke 00pa3oM MOITydarTCs

AHTUKBAPKHU U3 KBAPKOB.

Tenepp mpoaHanM3upyeM KBapKOBBI COCTaB ME30HOB, CTPYKTYpPBI KOTOPBIX W3BECTHBI (Tabmmua 1).

UepTouka cBepXy Ha3BaHUSA KBapKa O3HAYaeT MHBEPCUIO (aHTHKBapK). MIHBepcus aHTUKBapKa JaeT KBapK.

Kak BuaHO W3 Tabmmmbl 1, 1Isi M3MEHEHHs 3HAKa 3apsia ME30Ha ClIeTyeT WHBEPTHUPOBAaThH 00a KBapKa,
BXOJ/SIIIUX B ME30H. 3aKOHOMEPHOCTh COOJIIOIaeTCS IS BCEX ME30HOB HE3aBHCHUMO OT KBApKOBOTO COCTaBa.
[IpeoOpazoBanuss Buma Marepus - aAHTHUMATEPHsl TOXICCTBEHHBI IMPEOOPa30BaHUIO BHJA MOJOKUTEIBbHBIN

3aps-OTPULATENbHBIN 3apsi.

Tabnuyal

O6o3HaueHme - - Kl K~ Kﬂ EU DY D D D- B B~
Mesona '

- - — - =
BapKOBasI ud | ud| us| us | ds | ds | cd | cd | c5 | cs | ub | ub
CTPYKTypa

Ompe/eneHHbI 3apsii KBapKka O3HAYaeT, 4TO B HEM KAaKOrO-TO 3apsia COAEPXKHUTCS B OOJbIIEM
KOJINYIECTBE, YEM 3apsijia MPOTHBOIIOIOKHOTO 3HaKa. ECIM BO BCEX YACTHIIAX MPOM3BEIEM HHBEPCHIO MATEPUH U
AHTUMATEePHH, TO W3 ME30HA MOJYYHUTCS aHTHUME30H, a 3HaK 3aps/ia U3MEHUTCS Ha TPOTHBOIIOIOXKHBIN 3HAK. DTy
3aKOHOMEPHOCTh MbI U HaOJr01aeM B Taduie 1.

TakuM 00pa3zoM, 3JIEKTPUUECKOrO 3apsia Kak TaKOBOI'O HE CyLIECTBYET. MaTepuio M aHTHMaTepHIo,
KOTOpBIE€ B3aUMO/JICHCTBYIOT MEXKIY COOOM, Mbl BOCIPUHUMAIIN KaK OTPULIATENIbHBIN U MOJI0KUTEIbHBIN 3apsi/Ibl.
ONeKTpUYEeCKUil 3apsi] HAT/IE HE TPOSBIISETCS.

Hanm paccysxaeHust XOpoIio JIeMOHCTPUPYIOTCS Tpu pacnaje 0030ona Xurrca. bo3on Xurrca uMeer KBapKOBYHO

cTpykrypy H= bb —3T0 cOBOKyIHOCTb b-KBapka U aHTH b-kBapka. Kak MbI yxe roBopuin, b -KBapK SIBJISETCS

nHBepcHuel b-kBapka. ViMeHHO moaTOMy mpH pacnajge 0030Ha Xurrca MoiaydaeM Mapbl YaCTHI C aHTHYACTULIAMU
— DIIEKTPOH-MO3UTPOHHASI, MIOOH-aHTUMIOOHHAs. M3nmydeHue IBYX (POTOHOB CBHUJIETEIBCTBYET O B3aMMHOM
YHUYTOXKEHUH (aHHUTWIALMHM) YacTHLbl C AHTUYACTHLEH, HMMEIOIIUX CTPYKTYpY, B KOTOPOW MaTepus H
aHTUMATEpUs COCYLIECTBYIOT.
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11I. 3akiroueHne

['mmore3a o cocylecTBOBAaHMM MaTEpUU M aHTHMATEpUH OOBSCHAET NMPHUPOIY Ayain3Ma B CBOMCTBaxX
AJIEKTPOHA, TPUPOJLY DJIEKTPHUYECTBA, HE NMPOTUBOPEUUT (PU3MUECKHM 3aKOHAM M corjacyercs: ¢ Gpuiocoue.
dunocockuii  3aKOH €AMHCTBA W OOpPHOBI  MPOTHUBOINOJIOKHOCTEH Tpedyer oOecrnedeHus eIuHCTBA
MIPOTUBOIIOIIOKHOCTEH U B MaTepHAILHOM MUpPE TokKe. B mpoTuBHOM ciydae HeT OOpbOBI IPOTHBOIIOIOKHOCTEH.

CrnenaHHOE 3aKJIIOYCHHE MOATBEP)KAACTCS PE3yJIbTaTOM B3aMMOJCHCTBHUSL JIEKTPOHA M TO3UTPOHA,
KBAPKOBOI CTPYKTYPOI ME30HOB, CTPYKTYPOM U pe3ysIbTaToM pacnaja 6030Ha Xurrca.

IV. BriBob!

1. B MukpouacTunax MaTtepus U aHTUMAaTEePHsi COCYIIECTBYIOT.
2. DNEeKTPUUYECKOr0 3apsa HE CYLIECTBYET.

Jluteparypa

l. PammoakTUBHOCTH aTOMHBIX sinep, yueOHoe mocodue MI'Y mmenu M.B. JlomonocoBa nop penaknueit b.C.

Mimxanosa, Mocksa 2017r.

2. Myxun K.H., OkcriepumenTanbHas siepHas Qu3uka, KHura 2, Jueproarommsaat, Mocksa, 1993.

3. Kawmus P.A. DnektpocunsHoe B3aumoseiictsue, xypHan « World Science», Ne6(46). Vol.1,June 2019.

4. RasimA. KamliyaResearchin Strong Interactions of Protons and Deutrons, Advances in Theoretical &
Computational Physics, Volume 2, Issue 4, 2019.

5. dwusmka aTOMHOrO sAapa W 4yacTul, yuebHoe nmocodue MI'Y umenu M.B. Jlomonocosa nox penakuueii b.C.

HNmrxanosa, Mocksa 2014r.

Electric Charge, Substance, Antimatter

n Volume 20 | Issue 5 | Compilation 1.0 © 2020 London Journals Press



Scan to know paper details and
author's profile

An Innovative Structural Method to Implement
Earthquake-Resistant Buildings

Ramy Morsy Elkholy

El-Mansoura University

ABSTRACT

With the amazing development in all fields of science and with the rapid progress in building technology and
the increasing need for more effective construction implementation methods in resisting stresses on concrete

structures, this construction method has been developed to give a structural advantage to high-rise buildings
in resisting earthquake loads.

Keywords: lateral loads, seismic loads.
Classification: FOR CODE: 090504

Language: English

LJP Copyright ID: 392982

XY LOIldOIl Print ISSN: 2631-8474

i Online ISSN: 2631-8482
) Journals Press

London Journal of Engineering Research

. [l
Volume 20 | Issue 5 | Compilation 1.0

© 2020. Ramy Morsy Elkholy. This is a research/review paper, distributed under the terms of the Creative Commons
Attribution-Noncom-mercial 4.0 Unported License http://creativecommons.org/licenses/by-nc/4.0/), permitting all noncommercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.






An Innovative Structural Method to Implement
Earthquake-Resistant Buildings

Ramy Morsy Elkholy

ABSTRACT

With the amazing development in all fields of science and with the rapid progress in building
technology and the increasing need for more effective construction implementation methods in
resisting stresses on concrete structures, this construction method has been developed to give a
structural advantage to high-rise buildings in resisting earthquake loads.

Keywords: lateral loads, seismic loads.

Author: Faculty of Engineering EI-Mansoura University, Egypt
l. - INTRODUCTION

Regular structural buildings consist of a number of elements (foundations , columns , beams , slabs ,
filling walls).

Columns and beams are an important component exposed for resisting loads and structural stresses ,
so it is important to increase the stiffness of the points of contact between the columns and next
columns in all floors of building, as well as between columns and beams.

Of engineered known that the greater the height of structure increased exposure to lateral loads.

The column- beam joints and the contact joint between column and the column in next floor are the
prominent joints exposed to seismic loads in structure.

Strong column — weak beam joint is important concept in resist seismic loads.

This paper is devoted to increase resist of structure by increase effectiveness and resistance of the
columns joints.
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Fig. (1.2): Behavior of elements of building under seismic loads
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Fig. (1.3): Columns behave separately not as a group action

.~ THE THEORY

By studying the behavior of reinforced concrete structures under the influence of earthquakes, we find
that the stresses are concentrated on the points of contact of the columns with the beams and slabs, so
if the stress occurred above the limit borne by the reinforced concrete, collapse will occurs usually in
columns as shown in fig. (1.1) , In fact the contact points of the columns are exposed to forces resulting
from the horizontal displacement that is formed in each level of building and effective on beams and
large areas slabs in each floor as shown fig. (1.2).

The elements of building behave separately, due to the nature of their implementation in reality, where
the elements of each floor were poured, and then the elements of the next floor were poured, and so on
and the way to connect this elements of the buildings is with the property of adhesion of concrete and
Coherence length in steel bars(ld) as shown fig.(1.3) .

But if we want to increase the efficiency and resistance of the joints of concrete structures, a method
must be devised to implement the elements of concrete structure to give behavior when exposed to
earthquake forces as if these elements were poured into the site once as one unit as columns located on
a vertical axis behave as a group action and this is what this research provides.

For example a building consisting of 30 floors with a height of one floor 3.0 meters on a single vertical
axis there are 30 columns with a height of 3.0 meters for each column. The column for each floor was
poured separately then the beams and the slab of this floor before moving to the next floor column and
so on. This gives separate behavior for each column and generates a different amount of displacement
in Each floor, and this certainly differs, if you represented 30 columns as one column extending from
the beginning of the structure to the end with total length 90 .0 meters, this is called ( columns group
action).

An Innovative Structural Method to Implement Earthquake-Resistant Buildings
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It is common in construction sites the pouring of concrete columns for each floor separately, the
cohesion between columns one top of each for multiple stories structure by extension of steel bars
mostly does not exceed 1.0 meter, so full height column of structure can be represented as a group of
units of columns pouring one top of each, this may not represent a problem for low- rise structures but
for sure represent a problem for high- rise structures especially when structure exposed to seismic
loads.

The purpose of study to make each vertical group of columns to behave as one unit as if columns have
poured once building length.

. PRACTICAL APPLICATION

In addition to main reinforcement of the columns with steel bars in this technique we will increase the
reinforcement with steel cables that will be installed in the foundations and continue along the column
until the end of the structure, These cables will be affected by a central tensile force using hydraulic
jacks as used in prestressed concrete, to keep the steel cables under the tensile effect until Concrete
hardens, and this process is repeated for the columns of each floor until the end of the building, so that
the columns of each vertical group of columns are connected to each other with the same tensile
strength, which gives structural behavior as well as that the column was poured into its entire length
once. pouring columns under axial force by hydraulic jacks that will retain until concrete hardening by
using hydraulic jacks then will pouring next floor columns under the same axial load that will retain
until concrete hardening and repeat the same steps for each floor columns .

The cables used should be continuous full length of columns by using rolls of cables and installed in
foundation steel bars.

The cables rolls should be moved from floor for the floor who followed with continuity of cables.

Finally structure columns will be subjected to the same axial load full height of the building and every
vertical row of columns will behave as one column.

An Innovative Structural Method to Implement Earthquake-Resistant Buildings
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Fig. (1.4): Steps of Implementation in the site

i} Py
b

Fig (1.5): Shapes of hydraulic jacks

V.  MATHEMATICAL ACHIEVEMENT

London Journal of Engineering Research

It is now generally recognized that beam — column joints can be critical regions in reinforced concrete
frames can be critical regions in reinforced concrete frames designed for in elastic response to seismic
attack .

As a consequence of seismic moments in columns of opposite signs immediately above and below the
joint, and similar beam moment reversal across the joint.

The Joint region is subjected to horizontal and vertical shear forces.

An Innovative Structural Method to Implement Earthquake-Resistant Buildings
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(e) Connection Shear

Fig(1.6): Analysis forces resultants at Internal (Beam — Column joint)

(a) (b)
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() (d)

Fig(1.6): Analysis forces resultants at Internal (Beam — Column joint)

Vih=T + CC +Cs - Vcol. = T+ Cc + Cs-Vcol.
N
(T=Cc + Cs)
N
Vjih=T +T -Vcol.
. NN\
Vjv =T + T -Pu/2-Vb- Fc (Fc = Cable force)

When we use this new technique in pouring columns we will generated new force is called Cable force (Fc) which
is reduced shear forces on column — beam Joint and by controlling(Fc) we can prevented a chance to joint shear
failure.

An Innovative Structural Method to Implement Earthquake-Resistant Buildings
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V. CONCLUSION

The study will achieve important principle ( strong column- column ) joint

Fig.( 1.7): The effect of the system to increase resist of buildings to seismic loads

Fig. (1.7) show the effect of the suggested system to resist seismic loads , in the structure on the left
columns behave as one unit .

Structure on the right where the normal method in building are used additional stresses are generated
in earthquakes.

VI, FINALLY

The system can be used in high rise reinforced concrete buildings, cable suspended bridges with large
spans.
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l. INTRODUCTION TO ASTRODYNAMICS

Orbital mechanics or astrodynamics is the
application of ballistics and celestial mechanics to
the practical problems concerning the motion of
solid bodies in space, as the rockets, artificial
satellites and spacecraft [1-3]. The movement of
these bodies is usually calculated using laws taken
from classical mechanics: Newton's law of motion
and universal gravitation law. Orbital mechanics
is a basic discipline that allows the design and
control of the space mission. It treats more the
orbital dynamics of solid bodies under the
influence of gravity, including spacecraft as well
as natural astronomical bodies such as star
systems, planets, natural satellites and comets.
The orbital mechanics focuses on spacecraft

© 2020 London Journals Press

trajectories, including orbital maneuvers, changes
in orbit, and interplanetary transfers, and is used
by mission planners to predict the results of
propulsive maneuvers. General relativity is a more
accurate theory than Newton's laws for calculating
orbits, and sometimes is required for greater
computational accuracy or in high gravity
situations (such as the orbits of planets closer to
the Sun) [4].

Il PRINCIPLES AND TECHNIQUES
APPLIED IN ASTRODYNAMICS

The following principles and techniques contained
in a compendium of applicative rules are useful
for approximated situations by classical
mechanics in accordance with standard
assumptions formulated in astrodynamics. The
most specific and frequent case for analysis is that
of a satellite that orbits a planet, but these rules
could apply to other situations, such as orbits of
small solid bodies around a star such as the Sun.
Thus [5]:

Kepler's laws on the planetary motion:

The orbits are elliptical, with the heavier body
placed in one of the ellipse focus points.
Particularly: Orbit has a circular trajectory,
where the circle is a special case of the ellipse,
and the planet is located in the system center.

e A line drawn from the planet to the satellite
measures equal areas in equal time, regardless
of the measured orbit portion.

e The square of the orbital period of a satellite is
proportional to the cube of the mean distance
from the planet.

e Without applying an external force, such as
the firing force emitted by a rocket engine, the
period and shape of the satellite's orbit will
not change.
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e A satellite that gravities on a low orbit or on
the low part of an elliptical orbit, moves faster
than the planet's reference surface relative to
another satellite that revolves over a larger
orbit or on the higher part of an elliptical
orbit, due to higher gravitational field of the
satellite located closer to the planet.

e If the external force is applied only in one
point from the satellite orbit, the satellite will
return to the same point on each subsequent
orbit, although its trajectories will always
change. Consequently, one cannot move from
one circular orbit to another with a single brief
application of a thrust pulse.

e If to one satellite placed on a circular orbit was
applied a thrust pulse in a direction opposite
to motion, then its trajectory changes into an
elliptical orbit, and the satellite will descend
and reach the lowest orbital point called
periapsis, located to 180° away from the firing
point, after which it will ascend back to the
initial impulse point. If the satellite receives a
traction impulse in the direction of motion,
then its trajectory changes into an elliptical
orbit, but the satellite will climb to the highest
point of the trajectory, called apoapsis, located
to 180° away from the firing point, after which
it will descend back to the initial impulse
point.

. LAWS OF ASTRODYNAMICS

The fundamental laws of astrodynamics, as was
outlined in paragraph 1, are Newton's universal
gravity law and the motion laws of solid bodies
enunciated by Newton, and the mathematical
solution of these laws is based exclusively on
differential calculus [1, 2].

The first equation of motion is:

F =ma (1)
where: F is force [N], m is mass [kg] and a is
acceleration [m/s?]

The Earth creates a gravitational field E(r) given
by:

E(r)= Z%7 (2)

where: m,, = 5.972x10%* kg is a constant value and
represents the mass of the Earth, G = 6.674x10™"
N-m?*/kg® is the gravitational constant, r is the
distance from Earth to solid body (satellite) [m]
that gravitates around the Earth, and 7 is the
vector of this distance (the derivative by the first
order of this distance is velocity) [m/s]).

The gravitational force acting on the solid body in
motion is equal to:

Fcp __ Grr; .mr __ an, mr (3)

This force acts inwardly, i.e. to the Earth. For this
reason it is defined as a centripetal force acting on
the solid body. Since the product Gm, is a

constant, it can be defined
w=Gmy =3.986 x10"* Nm?/kg

which is known in the literature as Kepler's
constant. By entering the above value in relation
(3), it is obtain:

— umr
Fop == 15

(4)
In order to maintain the solid body on a
well-defined trajectory, simultaneously acts on it
an F, centrifugal force, equal and opposite to the
F,, centripetal force. The balance of these two
forces makes the solid body move on a certain
trajectory without falling into the center of mass
0. The dynamics of these two forces is illustrated

in Figure 1.

If points A and B are very close, then:

dB — udi ~
&= (5)
Knowing:
&=L (6)

the centrifugal force of the solid body is given by:
F

=y = 2 = w - w
cof mag = ms r 72 (7)
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Figure 1
a) forces acting on the solid body
b} vectors velocity at two different moments

Since the sum of the forces acting on the solid
body must be zero, from equality of relations (4)
and (7) results in:

wout o yoqfb ®)

A direct consequence of this equation is that the
velocity of the solid body is inversely proportional
to its orbital altitude r. The lower the orbit of the
solid body, the faster it travels in space. To
determine the length of time T needed for a solid
body to go through a particular orbit, must
calculate the circumference S of that orbit:

T=€-=2\7Ef[=2nr\/5 (9)

It can be noticed that the higher the orbital
altitude » of a solid body, the longer its orbital
period. The orbit of a solid (satellite) body can be
graded according to the corresponding orbital
altitude and period, as shown in Table 1.

Table 1
. Orbital altitude Orbital
Orbit .
/km/ period T
Low Earth Orbit 160 — 2 000 87 — 127 min
Medium Earth 2000 —35786 | 127 min — 24
Orbit hr
Geostationary 35786 23 hr 56 min
Earth Orbit 4.1sec

Any orbit and trajectory outside the terrestrial
atmosphere is, in principle, reversible, i.e. in the
space-time coordinate system, the time parameter
is reversed. The displacement velocities are also

reversed, while the accelerations remain the same,
including those due to the bursts of the rocket
engines. Thus, if a burst of the rocket engine
creates an impulse in the direction of the velocity,
according to the reversibility principle, it opposes
velocity. Of course, in the case of rocket engines
explosions, there is no complete reversibility of
the events, although in both cases the same
differential calculation of the velocity and the
same mass ratio applies.

Some standard assumptions have been adopted in
astrodynamics, which refer to non-interference
from the outside solid bodies, negligible mass for
one of the bodies, and the neglect of insignificant
forces such as solar wind, atmospheric drag, etc.
More accurate calculations can be made without
these simplifying hypotheses, but they are more
complicated. Increased accuracy often does not
make enough difference in the calculation to be
useful.

Kepler's laws on planetary motion can be derived
from Newton's laws when it is assumed that only
the gravitational force of the central solid body
acts on the solid (satellite) body which is in orbital
motion. When a thrust force or propulsion force is
present, Newton's laws continue to apply, but
Kepler's laws are invalidated and are not
applicable. When the thrust force or propulsion
force ceases, the resulting orbit will be different
from the original one, but it will again be
described by Kepler's laws. The three laws on our
solar system are:

The orbit of a smaller solid body relative to
another larger solid body is always an ellipse with
the center of mass located in the larger solid body,
in one of the two focus points of the ellipse. In
other words, the orbit of any planet is an ellipse
with the sun placed in one of the outbreaks.

The orbit of the smaller solid body measures equal
areas in an equal amount of time. That is, a line
joining a planet and the sun sweeping equal areas
in equal time intervals.

Review: General Principles on the Solid Body Astrodynamics
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The squares of the orbital periods of the smaller
solid body are directly proportional to the 3rd
power of the semi-major axis of the orbits
multiplied by a constant.

V. ESCAPE VELOCITY

Escape velocity v, is the slowest velocity a solid
body has to have to escape the gravitational
attraction of a certain planet or other heavier solid
body. If the solid body slows at a minimal orbital
velocity, it will hit the planet; if it accelerates
beyond the maximum escape velocity, it will be
permanently removed from the planet [6]

The formula for calculating an escape velocity is
easily derived as follows. The specific energy
(energy per unit mass), called &, of any spacecraft
is composed of two components, the specific
potential energy &, and the specific kinetic energy
g,. The specific potential energy of the solid body
associated with a planet of mass M, having the
gravitational acceleration G and located at
distance r, is given by:

(10)

while specific kinetic energy to same solid body is
given by:

g = 325 (11)
By applying the law of energy conservation:
e=¢g +g, (12)
and so the total specific orbital energy, is
obtained:
g=%— QM (13)

which does not depend on the distance r from the
center of the planet, i.e. the central solid body, to
the space vehicle in question. Therefore, the space
vehicle can reach infinite  only if the escape
velocity is not negative. In the case where & = 0,
the escape velocity must fulfill the condition:

e—\'r

For information, the escape velocity on the Earth's
surface is about 11 km/s, but this is insufficient to
send the solid body (space vehicle) to an infinite

(14)

distance due to the gravitational attraction of the
Sun. To escape from the Solar System from a
location situated at a certain distance from the
Sun, equal to the Sun-Earth distance but not close
to Earth, a velocity of about 42 km/s is required.
If a space vehicle is launched in the displacement
direction of the Earth, which is in its orbital
motion around the Sun, acceleration due to its
own propulsion system requires much lower
values.

V. ORBITAL VELOCITY

According to standard simplification
assumptions, the orbital velocity v, of a solid
body moving along an elliptical orbit, can be
calculated with equation [4, 6]:

where: u is the standard gravitational para
meter [Nm?®/kg], »r is the distance between the
orbital solid bodies [m] and a is the length of the
major semi-axis [m].

(15)

In the case of a hyperbolic trajectory, the orbital
velocity of the solid body may have a positive or
negative value depending on the conventional
sense of movement of the solid body on its orbit.

VI. ORBITAL SPECIFIC ENERGY

In the case of standard simplifying assumptions,
the orbital specific energy & of a solid body
gravitating on an elliptical orbit is negative, and
the orbital equation for orbital energy
conservation corresponding to this orbit, can take
the form [3]:

NL<N

r 2a

(16)

where: v is the velocity of the orbiting solid body
[m/s], r is the distance between the orbiting solid
body and the gravity center of the central body
[m], a is the length of the major semi-axis [m], u
is the standard gravitational parameter [Nm?®/kg].

For a given major semi-axis, the specific orbital
energy is independent of the magnitude of the
eccentricity. In some particular cases:

Review: General Principles on the Solid Body Astrodynamics

Volume 20 | Issue 5 | Compilation 1.0

© 2020 London Journals Press



e The mean value of the specific potential energy
€,is equal to 2¢

e The mean value of the distance r-1 is equal to
a-1

e The mean value of the specific kinetic energy &,
is equal to -&
VII. CALCULATING TRAJECTORIES.

KEPLER'S EQUATION

A way of calculating the trajectories of solid
bodies, viewed from the perspective of a historical
approach, is based exclusively on Kepler's
equation:

M,=E,—esinE, (17)

where: M, is the mean anomaly [m], E, is the
eccentric anomaly [m], and e is the eccentricity

[m].

With Kepler's formula it is possible to determine
the time-of-flight of the solid body to reach the
value 0 of the periapsis angle, which is the true

- —_l
E,={x+ 60x + 300X

x = (6M, )* e=1-M, -

Alternatively, Kepler's equation can be solved and
numerically. Initially, an arbitrary value is
assigned to it and the time-of-flight is calculated,
then are given more consecutive values E_, as
much as needed to bring the calculated
time-of-flight closer to the desired value until the
required precision is obtained. Typically,
Newton's method is used to achieve relatively
rapid convergence.

The main difficulty with this approach is that it
may take too long to achieve a satisfactory
convergence of extreme elliptical orbits. For
almost-parabolic orbits, eccentricity e is close to
value 1. Entering this value (e = 1) into the
formula for mean anomaly (E, - e.sinE,) shows
that two almost equal values are subtracted and
the accuracy suffers. For almost-circular orbits it
is difficult to determine the periapsis, because the
truly circular orbits have no periapsis at all. In
addition, the equation was derived from the

5

anomaly. The calculation procedure comprises
two steps [7]:

1. Determination of eccentric anomaly E, from
true anomaly 0

2. Determination the time-of-flight at time t
against eccentric anomaly E,

Finding the eccentric anomaly at a given time (the
inverse problem) is more difficult. Ecuatia lui
Kepler's equation is transcendental in E_, which
means it cannot be solved algebraically.
Determination of the eccentric anomaly E, from
the Kepler's equation can be done by analytical
way, by inversion.

A solution of Kepler's equation, valid for all real
values of e is [8]:

o0
d" 1 M';
=1
a0 (\/6 —sin(0) ) ) & El n!

By developing these relationships, it is obtain:

s
E,={X2 AZ?
n=1

—_— 9 2l 11
T 55200° T T4s000% T 7307200000~

2 3 2.0

M (% +s) M3 (225874547 e

(-e* 3t (e 5 (1-¢)"

hypothesis of an elliptical orbit, and so it is not
valid for parabolic or hyperbolic orbits.

VIII. GRAVITY AND THE OBERTH' EFFECT

In a known and controlled gravitational field, a
spacecraft located in the atmosphere of a planet,
can leaves it and go in a different direction at a
different velocity [7]. This is useful to accelerate or
slow a spacecraft, avoiding the transport of a
surplus fuel.

This maneuver can be approximated by an elastic
collision at great distances, although the change of
flight coordinates does not involve any physical
contact. Due to Newton's third law (the principle
of action and reaction, according to which
reaction is equal to and opposite to action), any
impulse gained by a spacecraft must be lost
relative to the planet or vice versa. However,
because the planet is much, much more massive
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than the spacecraft, its effect on the planet's orbit
is negligible [9].

The Oberth’ effect, in which a rocket engine
generates more energy when traveling at high
speed than if it is constantly traveling at a lower
speed, can be used especially during a gravity
assistance operation. The Oberth effect can be
employed, particularly during a gravity assist
operation. This effect consists in the fact that the
use of a propulsion system works better at high
speeds and therefore the course changes are best
performed when they are close to a gravitational
solid body. This can lead to the multiplication of
the effective velocity derivative, the
acceleration.

1.e.

IX.  CONIC SECTIONS

By conic section is meant a curve resulting from
the intersection of a plane with a straight circular
cone [8]. As shown in Figure 2, the angular
orientation of the plane with respect to the cone
determines whether the conical section is a circle,
an ellipse, a parabola, or a hyperbola. The circle
and ellipse occur when the intersection between
the cone and the plane is a bounded or closed
curve. The circle is a special case of the ellipse
when the plane is perpendicular to the axis of the
cone. If the plane is parallel to the cone generator
line, then an open curve is obtained called a
parabola. Also, if the intersection is an unlimited
curve and the plane is parallel to the cone axis or
it's not parallel to the cone generator line, then
this is a hyperbola. In the latter case, the plane
will intersect both halves of the cone, producing
two separate curves.

Table 2
Conic .. Semi-axis
X Eccentricity, e .
section major
Circle 0 radius <0
Ellipse o<e<1 >0 <0
Parabola 1 infinity 0
Hyperbola | >1 <0 >0

The type of conical sections can be defined in
terms of eccentricity. The conical section type is

also dependent on the major semi-axis and
energy. Table 2 shows the relationship between
conical section type in relation to eccentricity,
major semi-axis, and energy.

9.1 Circular trajectory

It is assumed that the position of the solid body is
described by a vector 7 relative to the center of
Earth C, as shown in Figure 3, which illustrate the
initial coordinate system of the solid body [10].

If the solid body receives an acceleration motion,
then a force described by Newton's first law acts
on it:

F = mﬁ
dr

(20)

However, the F, centripetal force given by the
relationship (4) also acts on the solid body.
Therefore, from the equality of the two forces, it is
obtain:

ro_ 2
—mk = m%f (21)
Which can also be written:
2
ifl—tg +E=0 (22)

This is a second-order linear differential equation
which in practical applications, it is solved for the
unknown variable r putting conditions at the
limit.

Review: General Principles on the Solid Body Astrodynamics

Volume 20 | Issue 5 | Compilation 1.0

© 2020 London Journals Press



Hyperhola

Parabola

Ellipse

Hyperhola

Circle
Ellipse

Figure 2

9.2 Elliptical trajectory

The assumption that the satellite follows a circular
trajectory is sufficient to calculate the orbital
period. However, in general, solid bodies do not

Earth rotation L

Central sold body
(Earth)

In the case of an elliptical trajectory, the unknown
variable r and its unit vector 7 are time functions.

These are in the report:

r = r(t)r(1) (23)

In order to solve the equation (22) the first and

and ‘sz , must be

the second derivative, % L

determined using the product rule:

move exclusively on circular orbits around a
center of mass C. As shown in Table 2 and Figure
2, the shape of the orbital trajectory of a solid
body depends on the eccentricity value e [10].

Solid body
[satellite)

Equatorial plane

S

Figure 3

b = L5 () + L7

a (24)

Equation (24) it is resolved by expressing r in a
polar coordinate system with a simpler
dependence on time and angles. In the polar
coordinate system, the orbital plane of the solid
body coincides with the xy plane. The coordinate
system is shown in Figure 4.
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Converting Cartesian coordinates into polar
coordinates (by cylindrical form) can be done with
the following relationships

(25)
(26)

Yo = X% TYoYo =TT

Py = cosQX, + sing,y,

$, = sin@,X, + cos.y, (27)

With these values, equation (22) becomes:

2

Figure 4

a) the polar coordinate system

b X,

this
components: a radial one (7,) and another axial

The solution of equation has two

(¢,) - Deriving the left side of the equation (28),
the radial component is given by:

2
d
~ro( ) = (29)
and the axial component is:
dr, d &
2%%%%7@1:0 (30)

Dividing the equation (24) with r, and applying
the product rule for the left hand side of this
equation followed by derivation with respect to
the variables r and @, is obtains:

London Journal of Engineering Research

2d (Pg

d d
24‘“) (2P =t (31)

ro dt
Is observed that the right hand side of equation
(31) is similar to equation (30). It follows from

this that:
25) =0 (32)

’”0 dt

which means that:

— ¥, plane viewed from above

dr, Wy
?l + }431 =0 (28)
F-l'l I
3
y
- P, X,
b)
2dtp _ —
r==4 = constant = h (33)

where h is the angular momentum per the mass
unit [m?/s] or [N m s].

On the other hand, solution of the equation (29)
can be of the form:

_ E 2
H+Ahzcos((p0+90)

Ty (34)

where A is an integration constant and 0, [rad] is
the angle covered by the solid body during t [sec].

This equation can be written as:
2
7, = L = L
0 |+Ah cos(py+0,) 1+ecos((p0+90)

(35)

which represents the equation of an ellipse in
polar coordinates. The values of p=%2 also

represent the semilatus rectum (right half) of the
ellipse [m], and e= Aﬁ-z is the eccentricity of the

ellipse [m]. It can eliminate 0, by aligning the x,,
axis of the polar coordinate system and its
coincidence with the major semi-axis of the
ellipse, and is obtain:
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ro= = (36)

0 1+ecosp,

The orbital path in the polar coordinate system is
illustrated in Figure 5. The solid body moves on
an elliptical trajectory relative to the origin of the
coordinate system C. The ellipse's outbreaks are
located at points F, and F,. In the example of

Figure 5, the Earth is located at the focal point F.,,.
This is the first of three laws of Kepler's planetary
movement: the orbit of a smaller solid body
relative to a larger solid body is always an ellipse,
with the center of mass of the larger solid body
coinciding with one of the two focal points of the
ellipse.

—
A .'C - L1
Fr
_—-'--.
i ae
M ali+e) .
Figure 5

The length of the major semi-axis of the ellipse is:

a= 5 (37)
while the length of the minor semi-axis is:
b= a\/ 1—e2 (38)

It is assumed that a solid body, such as the Earth,
is located at the focal point F,. Another solid body
of smaller size, such as a satellite, crosses the
orbital path and reaches in points A and B. These
points are the farthest, or closest to Earth,
respectively.

Major axis 2a

X. ORBITAL ELEMENTS

To describe mathematically an orbit, six
parameters must be defined, named orbital
elements. These are [2, 3 and 3]:

» Major semi-axis, a

» Eccentricity, e

o Inclination, i

« Argument of periapsis, @

« Time of periapsis passage, T

« Longitude of ascending node, Q

2h

Mitor axis

Al+A2=BI1+B2

Figure &
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An orbital satellite follows an elliptical trajectory,
and the center of the planet, called the central
solid body, is located at one of the two focal
points. An ellipse is defined to be a closed curve
having the following characteristic: for each point
on the ellipse, the sum of its distances to the focus
points is constant (see Figure 6).

The longest and shortest lines that can be drawn
through the center of an ellipse are called the
major (the main) axis and minor (secondary)
axis, respectively.

The major semi-axis a, is half of the main axis
and represents the mean distance of the satellite
relative to one of the focus points.

Eccentricity e is the distance between the focal
points divided by the length of the main axis and
has a value between zero and one. An eccentricity
equal to zero indicates a circle.

Inclination 1, is defined to be the angular distance
between the satellite's orbital plane and the
equator of its first plane (or elliptical plane in the
case of heliocentric or sun-centered orbits). A
zero-degree inclination indicates an orbit around
the equator of the central solid body in the same
direction as its rotation, a direction -called

prograde or directly. A 90 degree inclination
indicates a polar orbit. An inclination of 180
degrees indicates a retrograde equatorial orbit. A
retrograde orbit is one in which a satellite moves
in a direction opposite to the rotation of its planet.

Periapsis

. Equator
Vernal

'\ equinoy -
L1 -
--._.--""'-..

Periapsis is the point on an orbit closer to that of
the central solid body. The opposite of periapsis,
that is the most distant point on an orbit, is called
apoapsis. Periapsis and apoapsis are usually
modified to apply to the orbital body reported to
the central planet, such as perihelion and
aphelion for the Sun, perigee and apogee for
Earth, perijove and apojove for Jupiter, perilune
and apolune for the Moon etc.

The periapsis argument e is the angular distance
between the ascending node and the periapsis
point (see Figure 7).

The time of periapsis passage T is the moment
when a satellite moves through its point of
periapsis.

Nodes represent the points in which an orbit
crosses a plane, such as a satellite or another solid
body that crosses the equatorial plane of the
Earth. If the satellite or a solid body crosses the
plane that goes from south to north, the node is
called a node ascending (N,); if it moves from
north to south, it is a descending node (N,).

Longitude of ascending node £ is the celestial
longitude of the node. The celestial longitude is
analogous to the Earth's longitude and is
measured in degrees counter-clockwise from zero,
where the zero point is in the direction of the
vernal equinox.

i — Inclination
@ Argument of
peTiapsis
12— Longitude of
ascending node
N, = Ascending node
N, — Diescending node

Figure 7
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Generally, three observations of a solid body in Performance, mechanical properties, and

orbit are needed to calculate the six orbital pollution, Acta Astronautica, 92(2), 150-162,
elements above. Two other parameters are often 2013.

used to describe the orbits and are represented by 10. Hum S.V., ECE422 Radio and Microwave
true anomalies of the period. Period P, is the Wireless Systems, Brief Introduction to Orbital
length of time required for a satellite to go Mechanics, 2007-2018.

through an orbit. True anomaly is the angular
distance of a point (center of mass of a solid body)
on an orbit that has passed through periapsis and
is measured in degrees.
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Implementation of Integrated State Water Plan
with Equitable Water Distribution in Maharashtra
State (India)

S.A. Nagre?, Dr.S.T. Sangl® & Dr. AV. Tejankar?

ABSTRACT

Archaeological investigations found the ruins or
remains of old irrigation systems, as old as 6™
millennium BCE to 250 BCE, in various countries
like Mesopotamia and Egypt, Peru, Indus valley
in Pakistan. Even water storage systems were
built at Girnar, Egypt ancient Persia developed
by Qantas in Asia, Middle East and North Africa,
Sri Lanka, China and Korea. In India during
Vedas time, irrigation was done on small land
patches, with anicut on Cauvery and upper river
valleys in north India. Water is a prime natural
resource and used for multiple uses viz. domestic,
irrigation,  industry,  power  generation,
navigation etc.. Therefore, water should be used
in integrated manner to maximize economic and
social welfare. Integrated Water Resources
Management’s (IWRM) foundation as a global
approach was laid at and after the 1992
conferences in Dublin (International Conference
on Water and the Environment) and Rio de
Janeiro (United Nations conference on
Environment and Development, or the Earth
Summit). The Global Water Partnership (GWP)
was established in 1996 and became the main
social carrier of the notion. The GWP promotes
IWRM by creating forum at global, regional and
national levels, designed to support stakeholders
in the practical implementation of IWRM.

In this paper historical review of irrigation
development in India and State of Maharashtra
has been taken. Water policy and relevance of
integrated water resource management is also
studied. Maharashtra state is pioneer to
implement Integrated State Water Plan (ISWP)
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in India. This study also reveals assessment of
availability of water and equitable distribution of
water in the Maharashtra state.
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. INTRODUCTION

Water is a prime natural resource. Acknowledging
the vital importance of water for human and
animal life, for maintaining ecological balance and
for economic and developmental activities of all
kinds, considering its increasing scarcity, the
planning and management of this resource and its
optimum, economical, equitable and sustainable
use has become a matter of the utmost urgency.
Therefore, water should be used in judicial and
integrated manner to maximize economic and
social welfare. Integrated Water Resources
Management’s (IWRM) foundation as a global
approach was laid at and after the 1992
conferences in Dublin (International Conference
on Water and the Environment) and Rio de
Janeiro (United Nations conference on
Environment and Development, or the Earth
Summit). The Global Water Partnership (GWP)
was established in 1996 and became the main
social carrier of the notion. The GWP promotes
IWRM by creating forum at global, regional and
national levels, designed to support stakeholders
in the practical implementation of IWRM. The
distribution of water resources is uneven over a
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large part of the State. Such area is therefore,
water deficit whereas a small part is bestowed
with abundance in water. The water is used for
multiple uses as domestic, irrigation, industry,
power generation, navigation etc. Water which
was once considered as abundant has now,
become the scarce and economic resource. The
availability of water resources is random, uneven
and erratic over most of the part of the State. The
State Water Policy formulated by the Government
of Maharashtra in 2003 envisages that, the water
resources of the State shall be planned, developed,
managed with a river basin and sub basin as the
unit. This policy states that, the distress in water
availability during deficit period shall be shared
equitably amongst different sector of water use
and also amongst upstream and downstream
users.

Il OBJECTIVE

The basic objective of this paper is to take
historical review of irrigation development, water
policy and implementation of integrated state
water plan for judicial and equitable distribution
of water in the State of Maharashtra, India.

. METHODOLOGY

Only secondary data like books, research papers,
Reports of high level Committees, Government.
Commission’s report and websites, Interstate
water plan etc. are used for the present research

paper.

V. BACKGROUND

4.1 History of the irrigation development in the
world

Archaeological investigations have identified the
evidence of irrigation in Mesopotamia and Egypt,
as early as the 6™ millennium BCE, to support the
crops in low rainfall area. In the Zana Valley of the
Andes Mountains in Peru, archaeologists found
remains of three irrigation canals from 4™
millennium BCE to 9™ century CE. The Indus
valley Civilization in Pakistan and North India
(from 2600 BCE) also had an early canal system,

with extensive network of canals used for the
purpose of irrigation. Even storage systems were
developed including the reservoirs built at Girnar
in 3000 BCE. There is evidence of ancient
Egyptian pharaoh Amenemhet- III in twelfth
dynasty (about 1800 BCE) having natural lake to
store surplus water due to flooding of Nile, to use
during dry season.

In Korea, the world’s first water gauge was
discovered in 1441 CE, by Jung Young Sil,
Engineer, under the active direction of the King Se
Jong. This nationwide system was used to
measure and collect rainfall for agriculture
application. With this instrument, planners and
farmers could make better use of the information
gathered in the survey.

Ghiyasuddin Tughluq (1220-50) is known to be
the first ruler who encouraged digging canals. The
Mughal Emperor Firoz Shaha Tughluq got
executed one western Yamuna Canal near Delhi in
the year 1350. After about 200 years, Emperor
Akbar made some developments in the same
canal and diverted some water to Hissar district in
the year 1568. During the period of Shahajahan
one branch canal was taken up to Delhi City
through the old existing canal. He has also
executed 180 Km long canal from river Ravi to
Shalimar garden Lahore. During the year 1730
Emp. Ahmad Shaha got executed the Yamuna
right bank canal, which was modified by the
British Ruler to irrigate the land of 1.5 Lac Ha in
19" century.

4.2 lIrrigation Development In British Era

The concluding years of the nineteenth century
saw a horrible famine. This has forced the British
Government to undertake at least protective
irrigation schemes, though out of reluctance. The
work of Ganga canal was also started in the year
1834 and completed in 1854. Cauvery and
Godavari canals were also taken up in 1845 the
work of Khodshi weir on Krishna River was
started in 1870 with canals. The Khadakwalasa
dam on Mutha river was completed in 1875. The
work of Vihar (1860) Povai and Tulshi (1876) and
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Tansa (1883) completed for drinking and
industrial water in Mumbai. The dams at
Ghodzari, Aswalamendha and Naleshwar in
Vidarbha.

4.3 Irrigation  Development
Independence Period

during  Post-

India attained Independence in the year 1947 and
the Maharashtra State as of today, came into
being in 1960. At the time of Independence net
irrigated area of India under British Rule which
included Pakistan and Bangladesh was 28.2
Million ha, (24.1 %) out of total cultivable area
of 116.82 Million ha. After partition, net irrigated
area in India and Pakistan was 19.42 Million ha
(19.7 %) and 8.82 Million ha (48.1 %), out of the
cultivable area of 98.52 Million ha and 18.32
Million ha, respectively. The Plan period, in India
commenced from 1951.

Lot of major dams were completed in all parts of
the State on rivers like Girna, Mula, Mutha,
Deena, Bor, Manar, Koyana, Veer, Purna etc. The
irrigation of 3.86 LHa was created in the State of
Maharashtra at the time of formation of State on
01.05.1960.

V. STATE WATER POLICY

Water being a State subject, State of Maharashtra
had framed its water policy in the year 2003,
which was subsequently revised in May, 2011.
Since adoption of this policy, significant positive
changes have occurred in the water scenario of the
State. However, some of the issues and challenges
faced by the State water sector still continue and
require policy reforms.

Government of India (GOI), also revised its first i.
e. of 1987 National Water Policy, and released, the
National Water Policy in the year 2012. GOI as
per the provision of clause 16.2 of their policy
desired, to revise State Water Policy in aligned
with the objectives of their policy. Accordingly,
the State of Maharashtra has revised the water
policy on dated 05.09.2019 with the following
objectives.

1. To ensure clean water and sanitation in the
State.

2. Judicious and strategic sectoral allocation of
water among different water use sectors.

3. Equitable distribution of water and assured
access to allocated quota of water.

4. Protection of ecosystems.

5. To protect and enhance water quality of
surface as well as ground water.

6. Increasing productivity and efficiency of water
use.

7. To make systematic transition from the water
resources development mode to an integrated
water resources mode with appropriate
reforms.

51 The State has also achieved following
reforms and goals in water Governance.

1. The irrigation potential has been increased
from 3.86 LHa (before, 1960-formation of
State) to 53.04 LHa on State Sector Projects
and 18.01 LHa on Local Sectors schemes
totaling to 71.05 LHa till June, 2019. However,
the actual utilization of potential is 39.50 LHa
on State projects in 2017-2018.

2. Bench marking of water resources projects has
been introduced by the WRD (Water
Resources Department)as it is very powerful
management tool helps in, analyzing and
improving performance of water resources
projects.

3. Water auditing is the scientific approach to
analyze water accounts of the projects. The
system performance and water use efficiency
can be improved by reducing the losses on
overall system.

4. Effectively and successfully managed drinking
water supply to most of the cities and towns
along with augmented supplies to rural areas.

5. Industrial growth has been accelerated along
with the increasing hydro-power capacity
from 200 MW to 3684 MW up to March,
2019.

6. The Water User Associations (WUAs) of 5326
numbers have been formed on the project
command area introducing Maharashtra
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Management of Irrigation Systems by Farmers
(MMISF) Act, 2005.

7. The Maharashtra ground water (Development
and Management) Act, 2009 has been
enacted, to regulate ground water resources of
the State through MWRRA.

8. The Maharashtra Water Resources Regulatory
Authority (MWRRA) has been established to
regulate, facilitate, and ensure judicious,
equitable and sustainable management,
allocation and utilization of water resources
within the State of Maharashtra.

Maharashtra is the first State in the country to
introduce such type of Act with quasi-judicial
powers for imposing punishment under clause 26
of the MWRRA Act.2005.

5.2 Integrated State Water Plan

As stated in clause 11(f) of powers, functions, and
duties of, MWRR Authority, the clearance to
irrigation projects can be given, when it is in
conformity with Integrated State Water Plan
approved by the Govt. committees prescribed
under cl.15 &16 of the Act-2005. The clause 15 and
16 of the MWRRA Act, 2005, provides to
constitute the State Water Body with Chief
Secretary of the State as President, along with 10
other Secretaries of water related departments, as
the member of the Board. The Board has to
prepare and recommend the draft of Integrated
State Water Plan (ISWP) on the basis of basins
and sub basin-wise water available and proposed
use within State. The clause 16 of MWRRA Act,
2005 also provides to constitute the State Water
Council, with the Chief Minister of the State as
President, along with 15 other Ministers of Line
Departments, as the members of the Council. This
Council has to approve the draft ISWP submitted
by the State Water Board duly modified, if
required within a period of 6 months, with due
cognizance of the directives given by the Governor
of the State, for the removal of regional
imbalance. The plan so approved by the council,
shall become the ISWP to be implemented in the
State for 5 years, i.e. till next review.

Accordingly, the State Water Council has
approved the ISWP for 6 basins in the State of
Maharashtra, vide letter dated 07.03.2019. The
ISWP covers the status of both surface and
ground water of each basin with available surplus
water, to be used for deficit basin. The important
concept of having minimum 3000 cum of water
per hectare of cultivable land for all the sub basins
in the State is decided by the SWC while finalizing
the ISWP. The water from surplus or abundant
sub basins (more than 8000 cubic meter per
hectare) is therefore, to be calculated and
proposed to be transferred to deficit or highly
deficit basins, to make the total available water up
to 3000 cubic meter per hectare. As such all the
sub-basins of the State, will be brought to the
category of Normal water basin, having minimum
criteria of 3000 Cum of water per hectare of
cultivable land. This is the most important and
appropriate decision taken by the SWC for
equitable distribution of water in the State.

The State of Maharashtra has erratic, random and
uneven distributed rainfall in every basin. The
water of 55% is available in West Flowing Rivers
Basin over an cultivable area of 6.4% and
remaining 45% of water is available on 93.6% area
in the State. The ISWP is therefore, very
important document to decide the proper and
equitable use of available water resources so that,
no basin or sub basin will be left in deficit
category, because of getting required water from
surplus basin in the State of Maharashtra.

5.3 Details of the State of Maharashtra (India)

Maharashtra is the second highest populated,
third largest in area and the second most
industrialized state in India. The state of
Maharashtra came into existence on 1% May
1960.The  Geographical location of the
Maharashtra is bounded between latitude 16.4 to
22.1 N and longitude 72.6 to 80.9 E. As per 2011
census, the total population of Maharashtra is
112.37 Million, which is 9.29% of the India’s
population (1210.19 Million). The State has the
geographical area of 0.307 Million Sq. Km., which
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is about 9.4 per cent of the total area of India.
Maharashtra is highly urbanized State, with
45.2% population residing in urban area. The
State has about 720 km long coastline along
Arabian Sea.The Sahyadri mountain ranges
extend almost parallel to western coast line,
renowned as western Ghat. The average height of
Sahyadri in Maharashtra is 900 m-1000m with
higher altitude in the north and diminishes
towards south. The State of Maharashtra is
getting rain both from the South-West, & North-
East monsoon. The average rainfall of the State is
approximately 1360mm. The maximum rainfall,
about 88 per cent occurs in four months between
June to September, about 8 per cent between
October to December and remaining 4 per cent
after December. Further, rainfall is ranging from
40omm to 60oomm in different parts of the

State. It is revealed from this, that there is
significant variation in rainfall distribution and its
occurrence. The State witnesses frequent drought
conditions. Almost 42.5% area of the State is
drought prone.

5.3 Basin wise Area Covered by ISWP

The Maharashtra is mainly covered by the basins
of rivers Godavari, Krishna, Tapi, Narmada,
Mahanadi, and with the Konkan strip of West
Flowing Rivers. Thus there are total six basins in
the State. The largest basin in the State is
Godavari, where as the smallest basin is
Mahanadi having less catchment area. The basin
wise catchment area in Maharashtra is given in
the Table No 1 and Map in Figure No. 1.

Table No.1: The basin wise catchment area in Maharashtra

o, (o)
Total Catchment % Of CA % Of. ez.ich
Area in in basin in
River Basin Catchment Maharashtra Maharashtra Maharashtra
Area (Sq.km Sq. km
(8.Jam) (5q. km) (Col.4/3) (Col.4/4)
(1) (2) (3) 4) (5) (6)
1 Godavari 3,12,811 1,52,598 48.78% 49.7%
2 Krishna 2,58,948 69,425 26.81% 22.6%
3 Tapi 65,145 52,058 79.06% 17.0%
4 WFR(Kokan) 31,780 31,780 100% 10.3%
5 Narmada 98,976 1,048 1.0% 0.3%
6 Mahanadi 1,41,672 354 0.23% 0.1%
7 Total 9,09,332 3,07,263 33.79% 100%

Source : ISWP Vol. I Page No. 148
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Figure No. 1: Map showing river basins in Maharashtra

According to the Maharashtra Water & Irrigation
Commission Report (1999), the ultimate irrigation
potential of Maharashtra State has been estimated
as, 12.6 Mha of which 8.5 Mha is from surface
water and 4.1 Mha from ground water sources.
However by the end of June 2019, irrigation
potential created is 5.304Mha on State Sector
projects and 1.845 M ha (2018) on Local Sector
projects. Thus, the total irrigation potential
created in Maharashtra; on State and Local Sector
schemes is 7.149 Mha. till the end of June 2019.

5.3 Water Resources of the Maharashtra State

The surface water availability in the State of
Maharashtra, at Average annual dependability is
202.6 BCM, which consists of 170.3 BCM of
surface water and 32.3 BCM of groundwater.. The
surface water available at 75% dependable yield is
162.2 BCM, which consists of surface water of
139.6 BCM and the groundwater at 70% net
recharge, as per recommendations of State Water

Board (SWB) is, 22.6 BCM. The storage capacity
created through State Sector water resources
projects is 42.85 BCM as on June, 2017

Except the West Flowing Rivers of Konkan,
Maharashtra shares water for remaining 5 river
basins with the neighbouring State. Various
inter-state river water disputes, Tribunal awards /
Agreements and decisions on water sharing have
limited the use of surface water resources of the
State to about 116.2 BCM, of which 64.2 BCM
(55%) contribution is alone of West Flowing
Rivers basin of Konkan area. However, the
cultivable area of this region / basin is very
limited (6.4%), comprising of narrow strip of 50
Km between Sahyadri ranges and Arabian sea.
Hence, there is a limitation on local use of entire
available water. The cultivable area of 5 basins
(93.6%) is having only 45% of water resources.
Due to this constraints, about 39.8% area of the
State lies in deficit or highly deficit category. The
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State is experiencing water shortage and recurrent
droughts.

5.4 Ground Water

Another prime resource of fresh water is in the
sub-surface of the earth, which is infiltrated due
to rainfall occurring in that area, is known as
ground water. Which is main source of drinking
and agriculture use in rural area of Maharashtra.
Occurrence and distribution of ground water
beneath the earth, varies widely depending on

geology, geohydrology, geography and rainfall in
that area. Deccan basalt of Maharashtra is one
such region of India, which faces acute shortage of
ground water due to continues increase demand
of groundwater, but as compare to demand,
recharge of rainwater is very less, which results
lowering of water table every year.

The basin wise surface water and ground water
available in the state is shown below, in Table
No. 2

Table No. 2: Basin Wise Surface and Ground Water Available in Maharashtra

(Figures in Mcum)
Surface water Ground water Total
Allowed water
Av. 75% Net 70% Net
. Allowed
Avail. Dependable . Recharge recharge
Tribunal (SW+GW)
1. 2. 3. 4. 5 6. 7 8. (5+7)
1. Godavari 51757 38607 29023 17498 12248 41271
2. Krishna 33710 20299 16562 7817 5479 22041
3. Tapi 9656 7027 5995 4651 3256 9251
4. WFR 74739 64218 64218 2264 1583 65801
5. Narmada 309 308 308 35 25 333
6. Mahanadi 165 103 103 27 19 122
Total 170336 139562 116209 32202 22610 138819

5.5 Surface and Ground Water Availability

The water availability, basin wise, as well as, total
in the State, has been computed based on natural
water availability and restrictions due to various
Tribunals, committee Reports, mutual
Agreements between the States etc. The
information, of basin wise catchment area,
metrological set up, overall meteorology of the
State, is considered for computation of water
availability. The water availability worked out per
hectare is deciding strategy for further scope of
water resource development in different basins
and sub basins. The information regarding

allowed surface water in Cubic meter per hectare,
and even surface and ground water together, in
Cum. per hectare, is shown below in Table No. 3,
to decide the category of the basin.
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Table No. 3: Basin Wise Water Allotted Per Hectare in Maharashtra

Cultivable Surface water Water Total water Water
Area (Lha) allocated Available Sur+GW Available
(Mcum) (Cum/Ha) (Mcum) (Cum/Ha)
) (2) (3) 4) (5) (4/3) (6) (7)(6/3)
1 Godavari 108.41 209023 2677 41271 3807
2 Krishna 55.98 16562 2059 22041 3937
3 Tapi 34-44 5995 1741 9251 2686
4 WFR 13.63 64218 47115 65801 48277
5 Narmada 0.65 308 4738 333 5123
6 Mahanadi 0.03 103 31647 122 41000
Total 213.14 116209 5452 138819 6513

The total surface water available at 75%
dependability is 139562 and ground water at 70%
net recharge available is, 22610 Mcum. Thus, the
total water available for use is 162172 Mcum. Out
of this, the total basin-wise surface water
allocated and ground water available in the
Maharashtra State as shown in above table, is
(116209 + 22610) 138819 Mcum.

As stated in the report of Maharashtra Water and
Irrigation Commission (1999), the category of
basin is decided from the criteria of available
water in Cubic meter per hectare of cultivable
area is given below, i.e.

1. Highly deficit - o to 1500 Cum/ Ha

it. Deficit- 1500 to 3000 Cum/ Ha

iii. Normal — 3000 to 8000 Cum/ Ha

v. Surplus water — 8000 to 12000 Cum/ Ha

v. Abundant - above 12000 Cum/ Ha

The above stated criteria, if considered only for
Surface Water, then the Godavari, Krishna, and
Tapi basins are in the category of Deficit Basins,

(col no. 5 in above table) being less water than
3000 Cum. Per hectare.

Source: ISWP 2019 Page No. 160 and 265

5.6 Water Resources Development

Water is one of the principal resources essential
for human existence and it is required for various
purposes such as drinking and domestic water
needs, agriculture, industry, hydro and thermal
power generation, survival of environment and
many others. Availability of water in Godavari/
Krishna/Tapi/Narmada/ West Flowing Rivers
(konkan). Mahanadi basins in Maharashtra, for
the most part, is from the monsoon rainfall
available from June to October which is unevenly
distributed over both space and time, whereas
water demand for above purposes, except for the
agriculture to a certain extent, is mostly evenly
distributed over both space and time. The scenario
dictates need of development of water resources.

5.6 The Status of Irrigation in the State
Maharashtra.

of

The basin wise status of the planning, for the
irrigation projects completed or to be completed,
in the State is considered in the Integrated State
Water Plan. The details of the State Sector
irrigation projects and Local Sector schemes
completed, in progress with the overall position of
storage created and its use for the command area
of the projects, the overall position of the
percentage of irrigation created per hectare of
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irrigation and water planned to use per hectare, is
analyzed and shown below.

The status of three basins i.e. Godavari, Krishna
and Tapi is considered individually but, the
remaining small three basins i.e. Narmada,
Mahanadi and West Flowing Rivers, area being
only 6.7% are considered together and shown in
the Table No 4. It is seen from this table that, the
water use of 47599 Mcum is done so far, out of the
total water of 1,16,209 Mcum allotted to be used

for the State. This shows that, only 41% of water is
being used in the state after constructing 8297
numbers of projects and proposing the irrigation
potential of 74.53 LHa. The average irrigation
potential may reach up to 35%, (sr.no 11) in the
State. The Krishna basin will reach to 43.1% of
irrigation potential as against the other basins will
be lying behind the Krishna basin in the state.

Table No.4.: Present Irrigation Status of Basins in Maharashtra

. . . . . Nar+Maha+
Particulars Unit Godavari  Krishna  Tapi WEFR basins Total
(2 (3) 4) (7) €))

1 Sub basins Nos. 30 5 5 30 70

2 Cultivable Area LHa 108.42 55.98 | 34.44 14.29 213.13
Percentage of Cult. o

3. Arca % 50.8 26.3 16.2 6.7 100

Surface water
4. allocated Mcum 29023 16562 5995 64629 116209
Water Allocated

5. per Ha CA(4/2) [ Cum 2677 2059 | 1741 45226 5453

6. Category of basin | - Deficit Deficit | Deficit Abundant Normal

7. Irri. Projects Nos. 4774 1069 1671 783 8297
Irrigation

8. potential LHa 37. 24.15 10.07 3.31 74.53

0. Water use prop. Mcum 23397 14837 6295 3070 47599
Irrigation per MM3

10. (8/9) Ha 158 162.8 160 170.8 156.60
Percentage of

11. irrigation (8/2) % 34.1 43.1 20.2 23.2 35

12. Proposed Target % 45 45 45 45 45

Difference to o
13. achieve (12-11) % 10.9 01.9 15.8 21.8 10
Addl. water
14. required(13x2/10)) Mcum 7480 653 3401 1824 13358
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5.7 Total Surface Water Requirement

Assessment of water balance in each of the basin in
the state is most important aspect which will
govern water resources management and
development in the State. The status of water
balance, in each of the basin and the present
scenario will help in management of water
resources in a better way and will help in deciding
the strategy for future development. For arriving
water balance in each of the basin and its

sub-basin, availability of surface as well as ground
water as arrived with restrictions due to the

various tribunal awards, reports of the Committees

and interstate agreements, have been considered.
In addition to natural surface water available,
availability due to inter basin and intra-basin water
transfer, water from domestic and industrial use
has also been considered.

The basin wise total surface water requirement as
being computed considering water allotted and its
use as explained above. The details of the basin
wise water balance are given in the Table No 5
below.

Table No. 5: Basin wise surface water requirement
(Figure in Mcum)

Total water requirement for-

Sr.No. Basin ] ] Total Use of
. Domestic  Industrial  Export to SW
Irri. use : :
Use Use othr.basin
1 2 3 4 5 6 7
1 Godavari 23397 1273 869 242 25781
2 Krishna 14837 318 06 3139 18300
3 Tapi 6295 205 41 00 6541
4 WFR 3065 2262 7802 550 6657
5 Narmada o1 00 00 300 301
6 Mahanadi 04 o1 00 00 05
Total 47599 4059 1696 4231 57585

Total surface water allocated to the State at
present is 1,16,209 Mcum, which includes water
availability from allocated water, regeneration
water, import by way of inter basin transfer. Total
planned water use at present is (47599+
4059+1696+4231), 57585 Mcum. which include
use for domestic, industrial, irrigation, ecological
purpose and export by way of inter-basin water
transfer  like  hydro  water etc. At
present(116209-57585) 58,624 Mcum, of water is
in balance. Most of the water balance, is in WFR
Basin.

But, looking to the equitable water distribution, it
is necessary to bring all the basins of the State up
to 45% of irrigation potential. The additional
water shown at Serial No. 14 of the above table
No.4, will have to be transferred from area of
surplus basin to deficit basins. Though ample
water is available in WFR basin, it is lying at
150-200 Mtrs. elevation. And transfer of water to
other basins like Godavari, Krishna and Tapi, the
water is to be lifted for about 200 to 400 m.
height. Thus it is the costly water. So the
quantity of water required for bringing equitable
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distribution of irrigation potential up to 45% for
all basins in the State, is only to be lifted. The

details of basin wise quantity of balance water,
are shown below in the Table No. 6.

Table No. 6: Basin wise surface water balance
(Figure in Mcum)

Present
Water
Use

Water

allotted

Addl. Use for
Equitable
Distribution

Balance
Water

(3-6)

Total water use
(4 +5)

1 2 3 4. 5 6 7
1 Godavari 20023 25781 7480 33261 (-)4238
2 Krishna 16562 18300 653 18953 (-)2391
3 Tapi 5995 6541 3401 9942 (-)3947
4 WFR 64218 6657 1719 8376 55842
5 Narmada 308 301 o7 308 -
6 Mahanadi 103 05 98 103 -
Total 116209 57585 13358 70943 45266
From the above table, the water to be transferred irrigation, and large part of irrigation is

from surplus basin of WFR (Konkan) to the deficit
basins for bringing the equitable percentage of
irrigation potential, i.e. additional basin wise
water required in the State is shown below.

1. Godavari Basin 4238 Mcum (150 TMC)

2. Krishna Basin 2391 Mcum (84 TMC)

3. Tapi Basin 3947 Mcum (140 TMC)
Total water Required 10576 Mcum (374 TMC)

5.8 Ground Water availability

Ground water is one of the most important
natural resources on the Earth. It plays important
role in maintenance of economy, environment
and standard of living of any society in the State.
In the absence of immediate availability of surface
water sources, the Rural population of about 75%
is dependent upon ground water. It is equally
important in river basin management. It has been
the primary source of water supply for domestic,
agricultural and industrial purposes. It is the
single largest and most readily available source of

depending on the ground water. Nearly 92% area
of the State is occupied by the hard rock including
basalt(82%) and metamorphic rocks(10%). These
rocks have poor ground water yielding (specific
yield ranges for 1-3%) capacity. As per the report
on Dynamic Ground Water Resources as on
2013-14, out of the total 1531 watersheds of the
state, 74 are categorized as over exploited (OE),
04 Critical(CR), 111 Semi Critical(SC), 04 Poor
Groundwater Quality and rest 1338 are safe.
Groundwater being a common pool resource
needs to be managed through participatory
approach. Basin wise ground water use is given
below, in Table No. 7.

Implementation of Integrated State Water Plan with Equitable Water Distribution in Maharashtra State (India)

© 2020 London Journals Press

London Journal of Engineering Research

Volume 20 | Issue 5 | Compilation 1.0



Table No. 7: Basin wis

e Ground Water Use

(Figure in Mcum)

Total water use

Total Use of

Total water  Irri. Use Domestic Industrial GW. Balance
Use Use
1 2 3 4 5 6 7 8
1 Godavari 12248 7960 464 35 8459 3789
2 Krishna 5479 5142 248 - 5385 94
3 Tapi 3256 2769 187 - 2956 300
4 WFR 1583 241 81 - 322 1261
5 Narmada 25 - 09 - 09 16
6 Mahanadi 19 - 01 01 02 17
Total 22610 16112 985 36 17133 5477

The overall position of surface and ground water available in the State and its use is shown above.
The over all balance position of the surface and ground water is given in the Table No. 8 shown

below.
<
5 Table No. 8: Abstract for total water balances in the State
% Fig in MCum (TMC)
~
&
§ Sr. No. Particulars gg;;ﬁ)llfwi é . Total water use Balance Water
'L%“ 1. 2. 3. 4. 5.
b 1. Surface Water 116209 (4104.9) 70943 (2505.9) 45266 (1599.0)
g 2. Ground Water 22610 (798.6) 17133 (605.1) 5477 (193.5)
]
K=y 3. Total Water 1,38,819 (4903.5) 88,076 (3111.0) 50743 (1792.5)
g
s
g
— VI.  CONCLUSIONS purposes. As per the guidelines for sectoral water

While studying the water resources development
and management in the State the quantity of
basin-wise water available is calculated by
considering 75 % dependable yield, the sub-basin
wise catchment area and the respective run-off. As
the rivers are flowing Inter-States (except WFR)
the water allotted by the Tribunals is considered
for utilizing in the respective basins of the State.
This surface water is proposed to be used for
developing irrigation potential and for Non
Irrigation use like domestic and industrial

use suggested by the Maharashtra Water
Resources Regulatory Authority (MWRRA) about
25 % storage of dams is proposed for N.I. use and
rest of storage is used for developing irrigation
potential in the command area of the project.

Looking to the status of developing the irrigation
potential (table No.4), in the State of Maharashtra
as shown at serial No. 12, all the basins are
proposed to reach up to 45% of irrigation
potential. Therefore, the additional water of 13358
Mcum is required with net of 10576 Mcum (374
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TMC) for increasing the Irrigation Potential, is 9. A book on water management in India (2004)

proposed by transfer of water from WFR basin.

For considering the overall position of water as
shown in table No. 8, the total surface water use is
70,943 Mcum (2505.9 TMC) as against the total
allocated water of 1,16,209 (140.9 TMC) and the
surplus water of 45266 Million cubic meter
(1599.0 TMC) is not economical to use, because of
heavy lift involved in transfer of water from WFR
basin. Similarly, the balance ground water of 5477
Mcum (193.5 TMC) can be used in respective
basins. There is no restrictions on the use of
ground water within the State boundary. It is
therefore, in the interest of the State to extract all
the ground water available within the State
boundary (as permitted by the State Ground
Water Development Act) and use the same for
irrigation, domestic purpose, industries etc.
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ABSTRACT

Space environment causes unique alterations in
astronauts’ physiology that require the attention
of clinicians and scientists. In this review an
overview of the proffered solutions was provided
to the effects of space environment on astronaut’s
physiology with special consideration to
microgravity and space radiation. Living in
microgravity environment impacts significant
effects on the body systems such as the:
cardiovascular system slows down; immune
system  changes; = musculoskeletal  system
deteriorates and the sensory motor dysregulate.
These systems effects cause disorders in the body
of the astronauts’ such as decreased bone
formation and bone mass, decreased number of T
lymphocytes, shift in body fluids, loss of balance
and reduced heart rate. Space radiation also
affects the circulatory,  cardiovascular,
musculoskeletal, immunological and gastro
intestinal systems causing disorders such as
increase of blood in the upper body, decreased
heart rate, bone demineralization, muscle
atrophy, immune dysregulation, change in
appetite and nausea. Some solutions to the effects
of microgravity and space radiation include
exercise, use of dietary supplement with calcium
and vitamin D and K, Health Stabilization
Program (HSP), use of buckles and system
straps, use of Lower Body Negative Pressure
(LBNP), simulation of Earth gravity in
spacecraft and wuse of anti-nauseate. In
conclusion, building on the awareness about the
dangers of the space environment on astronauts
(especially those for long-term manned missions)
and seeking to better understand the
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physiological challenges and proffering reviewed
solutions to them are documented in this article.
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I, INTRODUCTION

Space environment is an astronautical branch:
aerospace engineering and planetary physics that
seeks to recognize and resolve the space-existing
conditions. It is one of the most
extreme environments imaginable (Ohnishi and
Ohnishi, 2004). Spacecraft are exposed to
extremes of temperature above the Earth's
insulating atmosphere, both hot and cold, and a
greatly increased danger of radiation exposure
(Thirsk et al., 2009a). The technological issues
associated with leaving Earth and designing space
propulsion systems have been studied for over a
century, and they have been spent millions of
hours of work on. This problem needs feedback
from the physical and biological sciences, and is
now the biggest obstacle facing human space
exploration (other than funding). The risks or
hazards of space shuttle are grouped
into five categories related to their effects on the
body of the astronaut. They are microgravity,
isolation/confinement, hostile/closed environ-
ments, space radiation, and distance from Earth
(Richard, 2014). The aim of this research is to
proffer reviewed solutions to the effects of space
environment on astronaut’s physiology with
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special consideration to microgravity and space
radiation.

1.1 Microgravity

Microgravity is the very little amount of
gravitational force experienced by an object in
free fall due to some non-gravitational forces
acting on them (Karthikeyan, 2019). It is also
referred to as weightlessness due to minute
gravity. Living in this kind of environment
impacts the body in three important ways: loss of
proprioception, fluid flow changes and
musculoskeletal system deterioration (Elizabeth,
2017; Jaiyeola, 2019a). Long-term weightlessness
has significant adverse effects, including muscle
atrophy and skeleton degradation (osteopenia
spaceflight) (Kanas and Manzey, 2008;
Oluwafemi, 2018). Other significant effects
include slowing down cardiovascular system
functions, reduced red blood cell development,
balance disorders, eye disorders and immune
system changes (Neergard and Borenstein,
2019). Additional symptoms include fluid
transfer (causing the astronauts "moon-face"
appearance) (Toyohiro, 1993),body mass
loss, nasal congestion, sleep disturbance, and
constant flatulence. Research such as osteoporosis
treatments, and the optimal timing for such
therapies could be employed to mitigate the risk
for astronauts developing premature osteoporosis.
Adaptability training programs and the ability to
perceive specific sensory information are being
studied to alleviate problems related to balance
performance that is being conducted to ensure
that astronauts stay healthy before, during and
after their mission.

1.2 Space Radiation

One of the first hazards of human mission to Mars
is radiation and also the most difficult to visualize
because space radiation is invisible to the human
eye. Not only is radiation stealthy, it is often
considered one of the most dangerous threats.
Radiation exposure above Earth's natural defence
raises the risk of cancer, affects the central
nervous system, can alter cognitive function,

decrease motor function and cause behavioural
changes (Shiga, 2009). The space station is
located just within Earth's protective magnetic
field, and while astronauts are subjected to ten
times higher radiation than on Earth, it is still a
smaller dose than what deep space will impact. To
mitigate this hazard, deep space vehicles should
have significant protective shielding,
dissymmetry, and alerts. In the field of medical
countermeasures such as pharmaceuticals, work
is also being done to help protect against radiation
(NASA, 2017).

The National Aeronautics and Space Administrati
on (NASA) identified four main physiologichazard
s during exploration missions that could cause ser
ious health problems for astronaut-crewsexposed

to the interplanetary radiation environment.

These four space radiation risks are
carcinogenesis, degenerative tissue effects,
Central Nervous System decrements and acute
radiation syndrome (Cucinotta et al., 2013).

ll. EFFECTS AND SOLUTIONS OF
MICROGRAVITY AND SPACE RADIATION
ON ASTRONAUTS

Only minute amount of gravity has effect on
astronauts within the microgravity environment o
f space. Several of the effects of microgravity are
observed within minutes to hours of exposure,
while others require weeks or months to manifest.
Skeletal impact loads typically associated with
running and walking on Earth is greatly reduced
or absent, because skeletal remodelling is
dependent on the level of strain within the bone,
this absence of loading is significant (Buckey,
2006b; Shackelford, 2008 and Cann, 1997). Table
1 shows the disorders and solutions of the effects
of microgravity on astronauts.
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Table 1. Disorders and Solutions to the effects of Microgravity on Astronauts

System Affected Disorder Solution
e Decreased bone formation Resistance exercise;
e Increased bone resorption dietary supplement with
e Decreased bone mass calcium and amino acids;
Musculoskeletal (lead to early onset osteoporosis) | required daily exercise to
(Smith et al., 2005) keep muscles and bones
from deteriorating.
e Decreased number of T Health Stabilization
lymphocytes Program (HSP) to
® Decreased response of T ) minimize or eliminate the
Immunological lymphqcyte§ to potent activator possibility of occurrence of
e Alterations in : i )
cytokine/chemokine activity infectious disease among
(Sonnenfeld ef al., 1998) crew members
e Reduced heart rate, as the heart | The use of systems of
becomes less efficient other | straps and buckles to help
physiological functions of the | maintain  an  upright
body are affected position should not be
Cardiovascular e Reduced diastolic pressure underestimated
e Post-flight postural hypotension
and hypovolemia
e Shift in body fluids
® [ oss of balance Use of antihistamine

Sensory-motor

e Altered perception of orientation

e Deconditioning of posture and
gait control

e Deconditioning of motion
sensors

e Deconditioning of the
somatosensory system

These could lead to blood

redistribution toward the head

causing altered responses of

baroreceptor, nervous and

endocrine systems (Katkov and

Chestukhin, 1980)

promethazine which will
help to prevent treat to
nausea and  vomiting,
motion  sickness  and

allergies.

Wound healing

e Impaired matrix formation
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e Impaired proliferation and
migration of cells into wound

e Reduced wound collagen content

e Impaired revascularization

e Impaired keratinocyte migration

Space radiation has recently been linked to a
higher incidence of cataractsin astronauts.
Outside of low Earth orbit safety, galactic cosmic
rays pose additional challenges to human
spaceflight (NRC, 2006), as the health threat from
cosmic rays dramatically increases the chances of
cancer over a decade or more of exposure (NASA,
2002). Solar flare events are rare but can give a
fatal radiation dose to astronauts in minutes.
Radiation can penetrate spacecraft, equipment,
spacesuits, living tissue and cause both short and
long-term damage to the body of astronauts. It is

thought that protective shielding and protective
drugs may ultimately lower the risks to an
acceptable level (Jay, 2006). There is scientific
concern that extended spaceflight might slow
down the body's ability to protect itself against
diseases (Gueguinou et al., 2009). When radiation
penetrates living tissue, it can cause short or
long-term damage to the stem cells of the bone
marrow that make up the blood and immune
systems. Table 2 shows the disorders and the
solutions to the effects of space radiation on
astronauts.

Table 2: Disorders and Solutions to the Effects of Space Radiation on Astronauts

System Affected e Disorder Solution
e Increase of blood in the upper | Lower Body Negative Pressure
body (LBNP) is needed to mechanically
Circulatory induce an Earth-equivalent body
fluid distribution while in space
e Shift in body fluids (Jaiyeola, | The use of systems of straps and
2019b). Fluid redistribution | buckles to help maintain an upright
cause an increase in | position should not be
Cardiovascular pulmonary capillary pressure | underestimated
resulting to heart failure
e Decrease in heart rate
e Bone demineralization, loss | Resistance exercise; dietary
averagely 1% - 2% bone mass | supplement with calcium, amino
monthly and loses 250 mg | acids, and vitamins D and K
calcium per day (Kelly, 2017) | Required daily exercise to keep
e Muscle deterioration and | muscles and bones  from
Musculoskeletal atrophy. Loss of muscle | deteriorating.
power, strength and
alteration of muscle
physiology, especially in the
lower limbs (Fitts et al.,
2001).
e Immune dysregulation, which | Health  Stabilization = Program
Immunological is any malfunction or | (HSP)
improvement in molecular
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immune system.

control of the functions of the

e Change in
which is
change in

Gastrointestinal

appetite

appetite,
any major

behaviour, it is either an
increase or decrease in

Simulation of Earth’s gravity on
spacecraft can help astronauts
suffering from some health
challenges (NASA, 2017)

eating

Focusing on exercise to maintain aerobic capacity
with a number of techniques and devices to
redistribute body fluids before landing (Thirsk et
al., 2009b) is quite important. Use of pressurized
anti-gravity suit to minimize fluid pooling in the
legs. Use of a liquid cooling garment, straps and
buckles to help maintain recumbent position for
astronauts on long-duration missions (Thirsk et
al., 2009b) should not also be underestimated.

Exercise during space flight is useful, but it
doesn't fully prevent muscle loss. Other measures
include: electrical muscle stimulation, and further
dietary supplementation with bisphosphonates,
potassium citrate, parathyroid hormone, low
magnitude and artificial gravity (e.g. rotating
spaceship) (Buckey, 2006a, 2006b; Oluwafemi et
al., 2018; Shackelford, 2008). Also, exercise
(aerobic and strength) monitored and modified by
on-ground medical support team is very
important after return.

Health Stabilization Program (HSP) is done
through an awareness campaign and procedures
such as limiting access to flight crewmembers,
medical screening and controlling flight
crewmember’s activities to alleviate the risk of
occurrence of infectious diseases among flight
crew (Johnston, 2010).

Antioxidants like vitamins C and A may help by
absorbing radiation produced free-radicals before
they will do any harm. Research has also
suggested that pectin fiber from fruits and
vegetables, and omega-3-rich fish oils may be

beneficial countermeasures to damage from
long-term radiation exposure (NASA, 2014).

.  RECOMMENDATIONS AND
COUNSELLING METHODS

It is suggested that a better health care plan ought
to be put in place to build awareness about: the
dangers of space environment to astronauts and
their physiological adjustments to long-term
space travel; the pathophysiology of changes
related with space environmental forces and the
sickness and diseases forms; predictive,
development and validation of the preventive
measures, symptomatic, helpful, and
rehabilitative measures for pathophysiological
changes during space missions (Meleshko et al.,

1994).

Thanks to the much greater stream of high-energy
galactic cosmic rays (GCRs), the radiation
environment in deep space is distinct from the
one on Earth's surface or in low Earth orbit. The
hazards from cosmic rays are the threat posed to
astronauts by GCR and solar-energy particles on
interplanetary missions or any other mission
outside Earth's magnetosphere (Schimmerling,
2011). They are one of the greatest barriers
standing in the way of plans for interplanetary
travel by crewed spacecraft (Chang, 2014), but
space radiation health risks also occur for
missions in low Earth orbit. There is always a
danger of radiation, whether at low Earth orbit or
during long-term missions into deep-space.
Mitigation techniques, protection and enclosures
should all be considered in every environment
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astronaut will be in while on space mission
(NASA, 2019). The followings are the counselling
methods and recommendations involved in
checking the effects of radiation on the physiology
of astronauts:

e Shielding: Material shielding can be beneficial,
but thin shielding will make the issue worse for
some of the higher energy rays, while thick
shielding will mitigate this effect (NASA, 2011).
Shielding materials could constitute liquid
hydrogen, water or asteroids.

e Drugs: The development of drugs like retinoids
enhances the body's natural capacity to repair
damage caused by radiation (NASA, 2011).
They are vitamins with antioxidant properties
and molecules that reduce cell division, giving
the body time to fix damage before deleterious
mutations can occur.

e Timing of missions: During times of high solar
activity, radiations are relatively lower; thus,
interplanetary travel during solar maximum
will reduce the average dose for astronauts
(NASA, 2011).

e Orbital selection: Usually, radiation exposure
from the Earth's radiation belts is mitigated by
selecting orbits that bypass or move through
the belts relatively quickly (NASA, 2011).

V. CONCLUSION

The hazards of the space environment are
enormous from microgravity and space radiation.
Considering these challenges, space organizations
amongst others must increase knowledge base,
deploy more balanced interventions such as use of
drugs, and do more proper orbital selection and
timing of space missions to target periods of lower
space radiations. Other considerations include
exposing astronauts on board a spacecraft to
Earthly gravitational forces and daily exposure to
artificial gravity was shown to be protective
against adverse physiological changes associated
with microgravity by the use of short-radius
centrifugation.
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